The COVID-19 pandemic has challenged civil society worldwide in unprecedented ways and has revealed the need for real-world solutions to dire health and economic concerns. During the initial phase of the pandemic, many state and local officials implemented extensive efforts to achieve social distancing and 'flatten the curve' of the outbreak through expansive stay-at-home orders and related restrictions.[^1^](#fn1){ref-type="fn"} These restrictive measures have been important for controlling the spread of disease, but have also imposed a severe social and economic burden on many people. By contrast, the federal government has ordered the continued operations of meat processors,[^2^](#fn2){ref-type="fn"} even while various groups worried about safety measures and testing to do this safely.[^3^](#fn3){ref-type="fn"} As government officials and communities throughout the United States consider how to emerge from these broadly applicable restrictions while protecting the public health and how to most efficiently identify hot spots of disease that may lead to the reimposition of restrictions and disease tracking, approaches that allow rapid community surveillance of SARS-CoV-2---the virus that causes COVID-19---will be essential and are under consideration by the Centers for Disease Control and Prevention (CDC).[^4^](#fn4){ref-type="fn"} SARS-CoV-2 surveillance might be used to guide decisions about where and when to impose or relax more targeted restrictions on movement and activity. In the face of still inadequate testing (and the enormous cost of doing extensive, complete, and repeated testing until the epidemic is wiped out), use of a new technology, community monitoring of SARS-CoV-2 in wastewater, may provide an efficient means of measuring the disease at a community-wide or more targeted level.

In the flood of new research responding to the COVID-19 pandemic, scientists have discovered that molecular markers for COVID-19 can be detected in sewage of infected communities both during an outbreak and, in some cases, before the first case is confirmed. This scientific breakthrough may lead to many useful potential applications for tracking disease, intensifying testing, initiating social distancing or quarantines, and enabling the return to conditions *status quo ante*. New technologies like this one---developed in response to a public health crisis---raise difficult legal and ethical questions about how their use may impact both the public health and civil liberties of the population. This new technology has the potential to provide a useful alternative or supplement to individual testing for SARS-CoV-2 and to serve as a tool to assist in public health and economic decisions, but its potential uses also need to be evaluated from legal and ethical perspectives. Part I of this article describes recent scientific evidence regarding COVID-19 detection in wastewater and identifies the public health benefits that may result from this breakthrough. Part II turns to assessing the legal and ethical implications of implementing policy based on positive sewage signals.

I. I. The Science and Utility of Wastewater Monitoring of SARS-CoV-2 {#sec1}
====================================================================

A major challenge in the current COVID-19 pandemic has been to know where the disease and the virus that causes it, SARS-CoV-2, are present. The counts of confirmed cases show, in almost every major country, an initial exponential rise that seemed to occur regardless of public health measures put in place after the first cases are detected.[^5^](#fn5){ref-type="fn"} According to the current models, this explosion in COVID-19 case counts suggests that many infections were already present in communities prior to the first case being confirmed. The reasons for this are varied, but include limited testing capability,[^6^](#fn6){ref-type="fn"} giving tests only upon hospital admission with an already serious disease,[^7^](#fn7){ref-type="fn"} personal choice[^8^](#fn8){ref-type="fn"} or doctor's advice not to be tested when the disease is mild,[^9^](#fn9){ref-type="fn"} and even a significant lag in the time between collecting the sample and obtaining the test result[^10^](#fn10){ref-type="fn"} (even Senator Rand Paul had to wait six days between providing a sample and getting his test results[^11^](#fn11){ref-type="fn"}). This gap in knowledge about when active infections first began to be present in American communities has made it difficult, in most cases, to adopt data-based public health measures in a timely manner prior to confirmation of 'first cases', when the initial rise in cases was already inevitable. Countries that proactively anticipated the pandemic, like South Korea, Hong Kong, Taiwan, and New Zealand, have fared better.[^12^](#fn12){ref-type="fn"}

While many jurisdictions missed opportunities to impose social distancing prior to their first confirmed cases in the current phase of this pandemic,[^13^](#fn13){ref-type="fn"} present fears about a second wave of disease[^14^](#fn14){ref-type="fn"} suggest that developing methods to detect community presence of the virus may pay huge dividends in triggering early preventive measures and activating more intense testing in those locations. These methods may also be a boon to communities where cases of COVID-19 have not yet spiked, providing an opportunity to get ahead of the first wave of the outbreak even if widespread testing is not feasible.

Wastewater monitoring may be one such new community detection method. Recent research indicates that the coronavirus that causes COVID-19---SARS-CoV-2---not only infects the respiratory system but also infects the gastrointestinal system and ultimately appears in feces. Researchers found that a large amount of virus resides in the gastrointestinal tract, where it adheres to and is retained by epithelial cells that line the intestines and from which it is shed into feces.[^15^](#fn15){ref-type="fn"} Clinical studies found SARS-CoV-2 was in feces in the majority of patients where this was studied. In fact, a positive signal for SARS-CoV-2 in feces was present in adults an average of 12 days after nasal--throat swabs turned negative and in pediatric patients, on average, more than 2 weeks after the virus had completely disappeared from throat swabs.

Since adult feces in most urban communities, at least, are flushed into sewerage systems for ultimate treatment and detoxification before release into the environment, one possible way to assess the total burden of active COVID-19 disease in a community might be to measure molecular signatures of SARS-CoV-2 in sewage. Indeed, a Dutch group, anticipating the spread of COVID-19, began molecular tests of sewage in five cities and at Schiphol airport three weeks prior to the first report of a case in the Netherlands on February 27.[^16^](#fn16){ref-type="fn"} Using a primer/probe set published by the US Centers for Disease Control (CDC),[^17^](#fn17){ref-type="fn"} the researchers found that all locations but one showed positive detections of the virus by mid-March, and very interestingly, the first positive signal in one of the cities (Amersfoort) was obtained on March 5,[^18^](#fn18){ref-type="fn"} the day before the first case of COVID-19 was confirmed there in two high school students.[^19^](#fn19){ref-type="fn"} Studies at MIT[^20^](#fn20){ref-type="fn"} and elsewhere[^21^](#fn21){ref-type="fn"} similarly confirmed the sensitive detection of SARS-CoV-2 markers in wastewater of municipalities where the disease is known to be occurring.

Scientists say their purposes for carrying out these studies included 'to monitor the circulation of the virus in the population',[^22^](#fn22){ref-type="fn"} '\[to\] detect ... the virus in sewage ... as \[an\] early warning tool for increased circulation in the coming winter or unaffected populations',[^23^](#fn23){ref-type="fn"} '\[to\] measure the presence ... of infectious diseases when the capacity for clinical testing is limited',[^24^](#fn24){ref-type="fn"} to obtain 'population-wide data \[to\] help inform modeling efforts',[^25^](#fn25){ref-type="fn"} and 'to detect pathogens in populations when investigations in humans is difficult for logistic, ethical or economic reasons'.[^26^](#fn26){ref-type="fn"} The question of whether the collection of samples solely for such population-level surveillance and model-building purposes may nevertheless raise individualized privacy concerns is discussed in Part II.

Moreover, scientists and other commentators have additionally suggested that the results of wastewater monitoring of SARS-CoV-2 may trigger actions that more directly affect the movement and privacy of people. They aver that sewage-based data will 'inform decisions surrounding the advancement or scale-back of social distancing and quarantine efforts',[^27^](#fn27){ref-type="fn"} and that community monitoring 'at the municipal or community level ... may allow for more granular detection of SARS-CoV-2 ... to help preemptively enact public health measures prior to the widespread onset of disease'.[^28^](#fn28){ref-type="fn"} Detecting SARS-CoV-2 through this method may precede confirmed reports of disease by a week or two, such that 'tracking viral particles in wastewater could give public-health officials a head start on deciding whether to introduce measures such as lockdowns'.[^29^](#fn29){ref-type="fn"} If wastewater-based epidemiology can be applied at a community level, then 'effective intervention can be taken as early as possible *to restrict the movements of that local population*'.[^30^](#fn30){ref-type="fn"} In addition, some technology developers suggest that 'in the case of asymptomatic infections in the community or when people are not sure whether they are infected or not, real-time community sewage detection ... could determine whether there are COVID-19 carriers in an area in a timely manner to *enable rapid screening*, quarantine and prevention'.[^31^](#fn31){ref-type="fn"} Thus, developers see wastewater monitoring methods as potentially leading to testing (compelled? Everyone in the sewage district? Answers to this are unstated) and to restricting movement, including social distancing and quarantines.

Wastewater monitoring may also affect public policy at the other end: deciding when public health mandated regulations of movement and testing may be relaxed. Eric Alm, the senior author in the recent MIT wastewater monitoring study,[^32^](#fn32){ref-type="fn"} suggested that it may help 'identify when the curve starts to level off \[to\] know when it's appropriate to end quarantine'.[^33^](#fn33){ref-type="fn"}

The science underlying effective wastewater monitoring, and its relationship to public health efforts, is still developing. Existing data are currently inadequate for developing 'epidemiological models that map the concentrations of virus RNA found in the sewer water to the likely number of local cases'.[^34^](#fn34){ref-type="fn"} Moreover, despite its proclaimed public health benefits, municipalities may object to monitoring their sewage for disease-causing agents because '\[n\]obody wants to be the hot spot'.[^35^](#fn35){ref-type="fn"} Indeed, somewhat in contradiction to the claim above that wastewater monitoring will reduce the need for testing individuals, scientists from the Queensland Alliance for Environmental Health Sciences in Australia have expressed concern that wastewater monitoring might 'take away resources from the testing of individuals'.[^36^](#fn36){ref-type="fn"} Finally, questions have been raised about whether the wastewater data collected to date 'are representative for all age groups, right for all sexes, and for all types of how the disease is unfolding in the individual'[^37^](#fn37){ref-type="fn"} or could with further study made to be so, as would be expected of a technique that may result in impositions on individual behavior.

II. II. Legal and Ethical Implications of Wastewater Screening for SARS-CoV-2 {#sec2}
=============================================================================

A. A. Issues with collection of wastewater data {#sec3}
-----------------------------------------------

The proposed use of wastewater screening to detect SARS-CoV-2 viral RNA has the potential to greatly enhance our technical capabilities to identify, track, pinpoint, and quantify the spread of COVID-19, but this application of public health surveillance would raise a number of legal and ethical questions. Efforts by state or local health officials to screen wastewater for SARS-CoV-2 would almost certainly come within the state's broadly recognized police powers, which generally permit state and local governments to have broad authority to act and regulate to protect the health and welfare of the population.[^38^](#fn38){ref-type="fn"} While most public health surveillance focuses on identifying individual cases through testing, screening, reporting, and contact tracing, environmental hazard surveillance designed to detect contaminants or indications of a circulating pathogen in the air, water, or soil would similarly come within these broad state powers.

Nonetheless, wastewater surveillance may implicate privacy considerations and concerns about violating Fourth Amendment protections against unreasonable searches and seizures in some circumstances. Courts assessing wastewater surveillance under the Fourth Amendment have typically concluded that there is no reasonable expectation of privacy in wastewater 'irretrievably flowing into the public sewer'.[^39^](#fn39){ref-type="fn"} These cases have not, however, precluded all such expectations, particularly where individual, rather than corporate, interests are at issue.[^40^](#fn40){ref-type="fn"} Moreover, recent judicial solicitude for Fourth Amendment claims in involuntarily shared, yet deeply sensitive, personal data suggests that some collections and analyses of wastewater, too, may constitute searches.[^41^](#fn41){ref-type="fn"} The US Supreme Court has recognized that the collection and analysis of biological samples may intrude upon reasonable expectations of privacy and thus constitute searches governed by the Fourth Amendment.[^42^](#fn42){ref-type="fn"} Somewhere along the spectrum from a whole catchment area, to a factory, to a nursing home (i.e., long-term care facility; see Supplement [Fig. S1](#sup1){ref-type="supplementary-material"}), to one house---as the data gleaned from wastewater sampling becomes more granular and individualized---the monitoring of wastewater may well implicate the Fourth Amendment.[^43^](#fn43){ref-type="fn"} Even if the Fourth Amendment applies directly to wastewater collection, however, courts are likely to uphold such efforts for COVID-19 public health surveillance under the special needs doctrine, so long as they are reasonable.[^44^](#fn44){ref-type="fn"} If reliability and efficacy of wastewater monitoring were established, the fact that the collection of samples through wastewater monitoring typically constitutes population-level surveillance and does not identify specific individuals would suggest the constitutionality of such a program.

Achieving a reasonable balance between privacy and public health goals is important for another reason as well. Biological surveillance through wastewater sampling implicates ethical concerns, including autonomy and beneficence. Individuals typically are entitled to autonomy to control access to one's health status, which under a wastewater screening program must be balanced against the utility and beneficence of protecting population health through more rapid disease detection.

B. B. Issues with use of wastewater data {#sec4}
----------------------------------------

Subsequent uses of the data collected through wastewater sampling to achieve other public health ends, however, may present additional legal and ethical concerns that go beyond merely collecting and monitoring the data.[^45^](#fn45){ref-type="fn"} Public health authorities could decide to use evidence of the presence of SARS-CoV-2 in wastewater to pursue a number of intervention strategies. First, the information may be very useful in tracking the spread of the outbreak and identifying previously unrecognized areas where the infection is spreading. This tracking could enable better targeting of resources and supportive infrastructure to communities experiencing the health effects of COVID-19 and potentially serving as an early sentinel for a subsequent wave of the outbreak. Insofar as the collection and analysis of wastewater for SARS-CoV-2 monitoring does not run afoul of constitutional constraints, the use of that analysis for community support ought not raise any significant legal or ethical concerns either.

Second, public health authorities could use this information to justify increased testing among people living in homes or working at sites close to where the virus has been found in wastewater, or to implement neighborhood-wide screening programs in these areas. The use of these data to target resources to provide voluntary screening programs in areas with SARS-CoV-2 detection likely would not implicate legal concerns. Courts have long recognized that public health powers include the authority to conduct testing and screening programs.[^46^](#fn46){ref-type="fn"} In addition, voluntary screening programs facilitate individuals' autonomy and right to refuse testing. By contrast, a conditional screening program, which would require a person subject to a quarantine order to be tested prior to being able to leave their home would necessitate balancing the state's use of police powers against the rights of a specific individual to refuse testing. A well-established legal precedent suggests that efforts requiring testing or treatment for a high-dangerous infectious disease fall within a state's legal powers.[^47^](#fn47){ref-type="fn"} If individuals refuse to cooperate, they would not be physically forced to get tested, but they might be subjected to other restrictions such as quarantine or reasonable monetary penalties. Refusing individuals are thus presented with a choice of complying with the testing or treatment, or being subjected to more restrictive powers. The implications of these more restrictive powers are discussed below.

Conditional screening requirements based on wastewater detection of SARS-CoV-2 may raise Fourth Amendment concerns. Courts are likely to uphold such requirements, so long as the regulatory framework for conditional screening strikes a reasonable balance between privacy interests and legitimate public health needs. Where the government undertakes surveillance activities primarily to advance public health purposes, courts have generally upheld such activities under the special needs doctrine.[^48^](#fn48){ref-type="fn"} In this context, the government is not constitutionally required to secure a warrant before engaging in a search. Rather, courts will sustain public health programs so long as they reasonably balance between privacy interests and the legitimate government interest in preventing the spread of COVID-19. An individual's interest in privacy against bodily intrusion, as well as regarding their potential COVID-19 status, would be balanced against the governmental interest in preventing the spread of the disease. Important programmatic features might affect the constitutional analysis, including whether and for how long biological samples would be retained, by whom, and with subsequent access for what purposes.[^49^](#fn49){ref-type="fn"}

Third, public health authorities or government officials could use information about SARS-CoV-2 in the wastewater to justify the imposition of broad restrictive measures on a whole community in the form of a targeted stay-at-home order, or stricter restrictions such as a cordon sanitaire or mass quarantine order, without further individual testing. Quarantine powers restrict the movements of individuals until they can demonstrate they are not infected and do not pose a risk of spreading the disease to others. These powers---while granted to state and local officials through statutory authority and grounded in the state's fundamental police powers---are a form of civil confinement and therefore must meet strict scrutiny standards.[^50^](#fn50){ref-type="fn"} A key legal and practical issue is whether the results of wastewater testing for SARS-CoV-2 would be sufficient to meet the strict scrutiny standard, which demands compelling state interest and narrow tailoring between confinement and that interest. Courts have usually deferred to state imposition of quarantine powers on specific individuals, but mass quarantine orders would face more serious constitutional scrutiny.[^51^](#fn51){ref-type="fn"}

Assuming that the science supports the connection between wastewater detection of SARS-CoV-2 and an increased risk of disease spread in nearby communities, temporary restrictions are likely to be upheld if challenged. The high risk posed by COVID-19 provides a compelling state interest to take steps to slow the spread of the disease and physical separation measures will likely be deemed to be sufficiently narrowly tailored under current circumstances. Indeed, currently even more widespread restrictions are being imposed through statewide stay-at-home orders in place in most states at the time of this writing. These restrictions assume the potential for community spread of COVID-19 in any community, because insufficient information is available to identify loci of infection and spread. However, the statewide stay-at-home orders---which include many exceptions to allow movement for essential personnel and activities---are not nearly as restrictive as a quarantine order, which presumably would not allow for similar exceptions.

Mass quarantines and sanitary cordons impose more severe restrictions. Mass quarantines could impose a prohibition on leaving home for residents of an identified area unless they could demonstrate a lack of infection. Cordon sanitaire would prevent groups within a geographically defined area from moving out of that area altogether or passing some sort of screening test before being allowed to leave the restricted area. These approaches are blunt impositions of governmental authority and therefore could be constitutionally problematic. Past uses of sanitary cordons have been invalidated for restricting movements of particular groups based on race or nationality.[^52^](#fn52){ref-type="fn"} This concern would be particularly acute with respect to the use of wastewater screening to impose substantial restrictions on movement. If such restrictions were targeted only at urban neighborhoods with sufficient density to detect SARS-CoV-2 in wastewater, the practical effect might be imposing restrictions disproportionately on areas that are populated predominantly by people of color. Government officials must avoid discriminatory applications of restrictive powers. Beyond their legal obligations, moreover, government officials bear an ethical obligation to consider whether the impact on the community is just when imposing restrictions and to support communities disproportionately harmed by restrictive orders.[^53^](#fn53){ref-type="fn"}

Fourth, public health authorities could extend or reimpose community-wide social distancing measures based on positive wastewater screening for SARS-CoV-2. In the current crisis, such measures have included closing businesses, prohibiting gatherings in affected areas, and limiting participation in activities deemed non-essential. Courts are likely to be deferential to government-imposed restrictions along these lines.[^54^](#fn54){ref-type="fn"} However, if the presence of religious institutions in affected areas leads to contact tracing and further restrictions specifically on those attending religious services, concerns about privacy and discrimination could also arise.

Importantly, limiting fundamental rights---whether through quarantines or closures---requires the government to justify the necessity of restricting those rights, and if less restrictive options exist those options should be implemented instead. Applying substantial restrictions on movement, assembly, or other rights to a targeted community based only on elevated detection of SARS-CoV-2 in wastewater may not withstand constitutional or ethical scrutiny once other more targeted and reliable testing capacity becomes available, as wastewater detection may no longer be sufficiently narrowly tailored to justify the restrictions. Both policymakers and courts bear responsibility to determine the appropriate parameters of government restrictions of civil liberties and to carefully evaluate the scientific basis for these limitations.[^55^](#fn55){ref-type="fn"} Similarly, governments have an ethical obligation to pursue and implement less-restrictive interventions to stop the spread of COVID-19 where available.

III. III. Conclusion {#sec5}
====================

Wastewater screening for SARS-CoV-2 could provide an important tool to detect new outbreaks of COVID-19 and to target resources to intervene to stop the spread of the disease; however, scientific research must establish the efficacy of such testing in identifying community-based COVID-19 infections before its use can be considered as the basis for public policy. Very little research on the efficacy of SARS-CoV-2 monitoring in sewage has been accomplished given the recent emergence of the disease and discovery of the virus in feces and sewage. We recommend further research to establish sensitivity and specificity of the technique, variation of the fecal and subsequent sewage signal among different people and different stages of the disease, and the presence and detectability of the signal in asymptomatic or presymptomatic people. The application of wastewater monitoring of the virus could be most useful for positioning resources and triggering public actions should the signal be shown to be a reliable early warning for infection. If a reliable relationship with the community recovery from COVID-19 infections can be established, wastewater data might also feasibly be used to indicate when areas are ready to relax restrictive measures or to detect a reversal or continuation of trends towards recovery.

Until reliability and efficacy are demonstrated, implementing wastewater screening for SARS-CoV-2 to target public health resources, to require testing, to impose restrictions on movement, or to remove restrictions based on an absence of virus in the wastewater is premature. Even if reliability and efficacy are established, we recommend that for efforts to implement wastewater screening for disease and other biological markers, legal and ethical considerations must be taken into account, including appropriate limits on sample and data collection, use, and sharing, so as to prevent unduly undermining privacy and autonomy, and to reduce the potential for problematic misuse of data or coercive interventions. As our scientific understanding of the connection between the presence or absence of SARS-CoV-2 in wastewater improves, however, these data could be the basis for scientifically informed decisions to implement public health intervention strategies consistent with the legal and ethical considerations.

Supplementary data {#sec6}
==================

[Supplementary data](#sup1){ref-type="supplementary-material"} are available at *JLBIOS* online.
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